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1. HISTORY
What is a map? How was the idea of mapping conceived? Webster
defines map as "a representation, usually on a flat surface, of the
whole or part of an area." Perhaps the first map was compiled by
ancient man when he scratched a few lines in the sand in an attempt to
direct one of his fellow men to a distant location. This is probably
only remotely correct, but from some such crude beginning as this, the
arts of mapping and map using have evolved to the point where maps are
now considered to be essential tools in our society.
Maps may be compiled for a variety of specific uses or purposes
and with a wide variation of content. For example, a map may give
synoptic coverage of an entire State or an even larger area, showing
only the most prominent physiographic features, such as mountain chains
and rivers. On the other hand, a map compiled for structural-design
purposes may require a very large scale and a small contour interval.
Between these extremes are maps at scales that will satisfy most of the
needs of the map-using community, including those imposed by our
activities in space.
It is interesting to note that topographic mapping of the United
States was begun by the Geological Survey to provide maps for support
of the Nation's natural resources studies, especially mineral resources.
As time passed, however, the value of topographic maps was increasingly
recognized, and in 1882 the mapping program was expanded and given
broader objectives, so that topographic mapping soon became one of the
major activities of the Geological Survey.
The influence of continuing counsel on map needs has caused a
trend toward larger-scale maps, reflecting the need by map users
for more detailed information about the earth's physiographic features.
However, the demand for small-scale maps continues and perhaps increases
with the demand for worldwide synoptic studies in various cultural and
scientific fields. At first, topographic maps were published at scales
of 1:250,000; these were reconnaisstunce-type maps of underdeveloped areas
for which only limited information was needed. With increased population
and a need for intensive natural resource studies came the requirement
for larger scales and for more detail on the topographic maps. The
population migration to urban-suburban areas has placed even greater
emphasis on the requirement for larger-scale topographic maps.
2. MAP USES
Activities in several sectors of the economy, where important
uses of quadrangle maps are made, have increased several-fold in the
two decades since World War II. For example, expenditures for Federal
and State highway programs, in which topographic maps are used for
planning, have increased since the war years to a current annual
expenditure of approximately 7.4 billion dollars.
Other activities for which maps are indispensable are the location
of railways, dam sites, industrial sites, telephone and electric-power
lines, radio and television :transmission stations, airports, and similar
facilities. Adequate quadrangle maps are virtually mandatory for sound
municipal and regional government planning. Maps are of prime importance
in planning projects for flood control, irrigation, conservation, soil
classification, and forest management, and in planning innumerable
scientific, engineering, geographic, glacologic, hydrologic, and geologic
studies and mineral resources development programs. Maps are useful in
reforestation, regulatory activities, historical investigations, and law
enforcement. In addition, thousands of our citizens have come to know
and use quadrangle maps for such pleasurable pursuits as hunting, fishing,
camping, hiking, and other outdoor activities.
The Department of Defense requirement for topographic maps at
both large and small scales to support military operations of all kinds
is naturally very significant.
Also significant is the need for maps in support of NASA's Natural
Resources Program, which involves the study of natural and cultural
resources on a global basis. the principal method of recording such
data is through the use of maps of widely varying scale, size, and
content. It is not inconceivable that, through continued development
of the Natural Resources Program, a map use requirement of magnitude and
scope equal to all other map use requirements combined may be born.
3. TOPOGRAPHIC BASE MAPPING
Topographic maps provide the basic cultural and environmental data
for the solution of a wide variety of problems. More than 400 million
dollars a year is spent on activities related to topographic mapping by
agencies of the United States Government (Geological Survey, Coast and
Geodetic Survey, Army Map Service, Aeronautical Chart and Information
Center, Naval Oceanographic Office). This amount does not include that
spent by agencies in which mapping is a secondary activity (Forest Service,
Soil Conservation Service, Bureau of the Census). Also not included is
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that spent by States, counties, and cities for mapping. The maps pro-
duced range in scale from 1:2,400 to 1:5,000,000, the major series
being at scales of 1:24,000, 1:25,000, 1:50,000, 1:62,500, 1:250,000,
1:500,000, and 1:1,000,000. In 1964, the Geological Survey prepared
a Long Range Plan which called for total coverage of the United States
at either 1:24,000 or 1:62,500 scale by 1976, and full coverage at
1:24,000 scale, except Alaska, by 1981. Presently, only 41 percent of
the Nation, not counting Alaska, is covered by 1:24,000-scale quadrangle
maps. Each 1:24,000-scale quadrangle map now takes approximately 4 years
to complete, costs between $12,000 and $15,000, and has a useful life of
5 to 10 years in urban and potentially urban areas, from 10 to 15 years
in farming areas, and from 15 to 25 years in grazing and remote areas.
The current practice is to maintain smaller-scale maps by updating and
selective compilation of source data collected for the large-scale maps.
The critical item needed in periodic revision of the maps is the
cultural information (roads, built-up areas, vegetation cover), rather
than the topographic information.
4. MONETARY BENEFITS FROM USE OF TOPOGRAPHIC MAPS
The consensus of map users (Federal, State, and local agencies,
and private groups) on the monetary benefits derived from the use of
quadrangle maps, based on conservative rather than average or maximum
benefit values ; and on existing map coverage, indicates a 'sigh gross
return.
In reply to a recent request to the Department of Housing and
Urban Development (HUD) for information on mapping needs and
priorities, several interesting facts were cited as justification
for additional or revised topographic maps. HUD is engaged in a
variety of programs involving land development in urban areas which
require continuous evaluation of specific land development proposals.
These proposals often require topographic data and other information
regarding environment; therefore, general reference is made to
quadrangle maps for the needed information. Thus, the availability
of maps probably saves the Federal Housing Administration at least
10 man-years annually. An indirect, but actual, minimum annual
savings to all parties concerned with proposal processing at HUD is
estimated at $5,000,000, to say nothing of the good will this savings
engenders. Availability of about 800 additional selected maps would
approximately double this annual savings. As an example of indirect
savings, the availability of quadrangle maps is expected to result in
a saving of $2,250,000 in engineering costs over the next 2 years in
just the newly authorized water and sewer projects. Additional
savings are expected to accrue as the major new Title X land develop-
ment insurance program grows.
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Appendix I illustrates the dollar benefits to the United States
economy resulting from the use of topographic mapping in several
national programs, including the above-mentioned urban renewal
programs. A total annual benefit of 211.4 million dollars is
indicated, based on 1964 cost factors.
Appendix II illustrates the projected annual dollar benefit to
the U.S economy that can be derived from the availability and use
of topographic maps, based on 1964 cost factors. As indicated, the
projected dollar benefit will approach 500 million annually by 1970.
The potential benefit to the national economy would be au
annual return of at least $18 for each dollar spent for topographic
mapping, based on 1960 monetary standards. This potential strongly
emphasizes the need for early completion of the map coverage of the
Nation.
The scope of these :ost-benefit studies has been limited to
civilian map uses, but additional benefits that exist in defense map
uses should not be overlooked. 13 a matter of fact, the value of
topographic maps for military purposes undoubtedly far exceeds the
value for all civilian uses combined.
5. APPLICATION OF ORBITAL-HEIGHT PHOTOGRAPHIC DATA
TO TOPOGRAPHIC MAPPING
It is the opinion of the cartographic community that photographic
data of mapping quality can be obtained by earth-orbiting cameras and
can be processed by advanced cartographic techniques to produce base
maps that would support the NASA Natural Resources Program. Specifically,
the concept of earth-orbiting remote-sensing instrument packages,
containing specially-designed, precision photographic sensors, offers a
unique and realistic potential for the production of topographic maps
at scales of 1:24,000 through 1:250,000 on a selected basis, and at
scales of 1:1,000,000 and smaller on a global basis. The use of
photographic data for revision of published maps at scales larger than
1:24 0 000 is considered entirely feasible. It also appears feasible
that geodetic constraints, as required to support construction of a
homogenous series of topographic maps, can be developed from data supplied
by an orbiting package. It is not intended to imply here, however, that
normally-accepted standards of accuracy can be met for maps published
at all the specified scales. There is no reason to doubt that standards
of accuracy can be met for maps published at 1:250,000 scale and smaller.
The potential for meeting standards of accuracy for maps published at
scales as large as 1:50,000 is encouraging. And, there is every reason
to believe that orbitally obtained photographic data can be used to
revise planimetric detail of published maps of 1:25,000'scale and larger.
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With regard to use of such data in the 'National Topographic
Mapping Program it is in the area of map revision that it offers
the greatest potential. If we accept the projection of annual dollar
benefits shown by Appendix II, it is obvious that published topographic
maps are a national asset. It should also be obvious that continued
realization of annual benefits will depend on the currentness of the
data on the published maps. The potential of orbital-height photographic
data is unique in tnat adequate revision data can be obtained and
utilized at a rate reasonably estimated as 5 times faster than that which
present-day technology permits. In view of our Nation's enduring and
rapidly expanding economy, it is essential that methods be ado,,ted whereby
map data can be revised within the shortest possible time. The estimated
500 million dollar annual benefit to t:ie U.S. economy can then be
realistically considered a continuing benefit that will increase with the
expanding economy.
6. GLOBAL CONSIDERATIONS
It has ',een variously estimated that only 20 to 50 percent of the
land arei of the earth has been mapped adequately for use in limited
scientific studies, the figure depending on the criteria for adequacy.
Mapping of all types is urgently needed in many of the under-developed
and remote regions of the earth. The most obvious cartographic products
to be obtained from the use of orbiting sensors are topographic base
maps and photographic, infrared, radar, or other types of coverage. By
using orbiting spacecraft, large areas of the earth can be surveyed in
a short time. Many underdeveloped areas of the world might be mapped
for the first time. Assuming that such remote sensor data can be related
to a geodetic control network on the ground, the actual position of any
identifiable object or signal can be determined with respect to R1.1
other such items. The ability to obtain detailed topographic intarmation
from earth-orbital photographs is limited at this time, but planimetric
detail so obtained would suffice for many of the needs of map revision
and reconnaissance of poorly mapped areas. Map maintenance, or
revision of published maps to maintain currentness of data, would be
particularly benefited by the application of orbital photographic data
in view of the comparative rapidity with which extensive coverage could
be obtained. The effective use of this new capability calls for the
concurrent development of greatly improved data-processing procedures.
6.1 Comparative Cost of Data Collection
The cost of obtaining aerial mapping photographs by conventional
aircraft varies from $2.50 to $4.00 a square mile, depending on a
number of factors, particularly the accessibility of the area.
Considering the relative inaccessibility of much of the earth's
surface, the worldwide average cost could exceed the higher figure.
Of this t( 1. figure, perhaps $1 a square mile is needed for laboratory
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and office expenses. -hus, complete coverage of the earth's 58,000,000
square miles of land surface, using conventional aircraft, would cost
17A million dollars at the rate of $3 a square mile. By comparison,
and based on the premise that the spacecraft would be launched for other
than photographic purposes, it is estimated that adequate photographic
coverage of the earth's surface could be collected by orbiting cameras
t a cost of approximately 17 million dollars. Obviously, there would
a large difference in the scale and resulting usefulness of the two
types of photographic coverage; hence, a direct comparison of cost
benefits should not be made. However, the orbital-height data would
be entirely adequate for a multitude of required uses, and in this
regard the cow,.-rason of 17 million dollars against 174 million dollars
is very attractive. It is unlikely, however, that the use of this
figure for each of many repeated coverages could be justified in terns
of t',e real value of the data.
In estimating benefits in terms of the value of the resulting data,
it is not possible to give precise figures. To gain some insight into
the manner in which this new space capability can contribute to the
solution of many current world economic problems, and to provide some
general estimates of the dollar magnitude of this contribution, reference
is again made to Appendix U. For example, if the annual benefits to
the U.E. economy, derived from the use of topographic mapping, are
prorated on a global basis, it is readily discernible that the gross
benefits would be tremendous.
6.2 Current Status of Aerial Photographic Coverag e
North America is the most completely photographed of all the
continents, with approximately 100% coverage, much of it obtained
within the last 10 years. Photographic coverage of about two-thirds
of South America exists, but much of this dates to the early 1940's
and is not continuous within photographed areas. Coverage exists for
about 80% of the irea of Europe outside of Soviet control, but most
of it dates back to World War II. Information about the extent of
photographic coverage of Eastern Europe and Asia is not available.
Approximately half of Africa is covered with photographs, and
approximately two-thirds of Australia and New Zealand, almost all
of which is dated earlier. than 1950. Thus, it is clear that, as of
1966, large areas of the world do not have mapping photocoverage,
and that much of the existing coverage is 10 to 30 years old.
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6.3 Present Status of World Mapping
Many areas of the world remain unmapped or inadequately mapped.
Generally, those areas that are important economically have been well
mapped, but this does not mean that there is no continuing need for
new or up-to-date maps. In the underdeveloped regions of the earth,
detailed mapping is almost nonexistent. There remain a few areas for
which even reconnaissance maps are lacking (particularly the Arctic,
Antarctic, and certain ocean island regions). Large gaps exist even
in the current coverage of detailed maps. The largest scale for which
complete coverage of South America is available, for example, is
1:1,000,000 (1 inch on the map equals 16 miles on the ground). This
s:ries of maps was compiled in the 1920`s, not in South America but
in New York City, and was based, in part, on vague accounts of
explorers and mi;.ionaries for some of its information. For parts
of South America these are still the best maps available.
The need for a great many more accurate and current maps exists
for both the industrial nations and the developing countries of the
world, but for different reasons.
6.3.1 Industrial Nations.--In the industrialized nations, increasing
attention is being devoted to the solution of metropolitan, regional
(for example, Appalachia), and resource-use problems. Regional
planning requires intense study of large areas. These studies are
often hindered by differences in the positional accuracy and specifi-
cations of available maps, or by map obsolescence.
6.3.2 Developing . Countries.--Maps of many types and scales are urgently
needed for many of the underdeveloped and remote regions of the earth,
where data collection is generally very slow and laborious, due to
both economic and technical problems. The time involved in data collection,
compilation, and reproduction is often so long that the maps lose much of
their potential usefulness because the information is outdated.
Travel, business, and political stability in these areas are
hampered not only by the lack of transportation, but also by insufficient
or obsolete knowledge of the current conditions of the transportation
facilities. The magnitude and distribution of forests, agricultural
areas, mineral deposits, water resources, and urban facilities often are
only vaguely known.
i
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7. ADVANTAGES OF ORBITAL PHOTOGRAPHIC DATA
TO THE CARTOGRAPHIC FIELD
The application of orbital remote-sensor data, especially
photographic data, in the cartographic field offers important
advantages, because large areas of the earth can be surveyed in
a comparatively short time without undue consideration of the
remoteness of geographic location, so that many underdeveloped
areas of the world could be mapped for the first time.
Specific benefits can be gained from the use of orbital
remote-sensor data in (a) map revision; (b) mapping of poorly
mapped areas; (c) improvement of geodetic positional accuracy;
(d) preparation of small-scale maps on a global basis; and (e)
overall reduction of cost and time in the production of carto-
graphic materials.
The production techniques involved in the compilation and/or
revision of maps could be greatly improved if the step of combining
detail from hundreds of large-scale photographs to produce a map
sheet could ue circumvented by obtaining synoptic imagery of the
same area on a single photograph or on only a very few photographs.
Considerable effort has been expended in recent years in this
direction, using aircraft flying at higher and higher altitudes for
aerial photography. Orbiting platforms are a logical extension of
this effort.
7.1 Small-Scale Mapping
Maps at scales of 1:1,000,000 to 1:5,000,000 have many
practical uses. They are used extensively for national planning
and for air and sea navigation. Production of the International
Map of the World (IMW), scale 1:1,000,000, begun in 1909 and now
coordinated by the United Nations, would benefit considerably from
the use of orbital-height photographs. Such imagery would be
practical for the preparation of a photomosaic of the world at
1:1,000,000 scale. Also, there is in preparation at present a
world atlas at a scale of 1:5,000,000, which could benefit from
the use of synoptic-scale photographs.
7.2 Medium-Scale Maps (1:250,000 and Smaller)
7.2.1. U.S. 1:250,000-Scale Maps .--Many different types of maps and
charts are produced at scales of 1:250,000 to 1:1,000,000. The
scale of 1:350,000 has the advantage of being large enough for
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relatively detailed studies of an area yet small enough fox comprehensive
planning over large areas. The major problems are to keep the maps
up-to-date and to expand the areas mapped. With the short-time-lapse
coverage provided by orbital photography, a complete updating of this
series of maps would be possible, producing a worldwide standard or
base map. From such a map, geographers, cartographers, regional
planners, hydrologists, agriculturists, foresters, geologists, and many
other specialists could extract the information of interest to their
fields.
The U.S. Geological Survey's Topographic Division is responsible
for compiling new and/or revised 1:250,000-scale maps of the U.S.
The use of orbital remote-sensor data, particularly high-resolution
photographs, to accomplish this task, seems feasible.
It has been determined that commercially available panoramic
cameras with 24-inch focal length can produce film imagery having a
resolution of approximately 120 lines per millimeter, and can resolve
ground targets as small as 4 meters from orbital heights of approximately
125 nautical miles. Stereoscopic panoramic photographs of the same scale
and quality could be used for compilation of topographic detail at
100-foot contour intervals. Thus, this type of photography can be a
major source of data for revising the 1:250,000-scale topographic map
series.
The 1:250,000-scale map series is normally revised through the use
of 1:24,000-scale (7-1/2-minute) and./or 1:62,500-scale (15-minute)
topographic maps. The Topographic Division's long-range mapping program
cites 1976 as the projected year for realization of 100% combined 7-1/2-
and 15-minute map coverage of the conterminous U.S., 1981 for 100%
coverage of the conterminous U.S. by 7-1/2-minute maps, and 1987 for
elimination of the backlog of outdated 7-1/2-minute maps. Thus, using
1966 as the base year, it is apparent that the age of map source material
used for 1:250,000-scale map revision can range up to 21 years. On the
basis of practical considerations, however, 7-1/2-minute maps published
since 1950 may be used in the revision, so the currentness of data would
be represented by a spar. of 37 years.
Photographs taken with a specially designed camera system during
an extended flight (45 days in orbit) would provide source data having
a common acquisition time, from which the 1:250,000-scale maps of the
entire U.S. could be revised.
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Given below is an analysis of approximate production cost
benefits that could be realized by using orbital photographic data
for revision of the 1:250,000-scale series:
AVERAGE COST PER MAP
Field Completion Compilation
	 Total
By conventional methods 	 $3,000	 $7,000	 $10,000
By orbital photographic methods
	
3,000
	
3,500	 6,500
TOTAL COST, CONTERMINOUS U.S.
(472 1:250,000-SCALE MAPS)
By conventional methods
	
$40700,000
By orbital photographic
	
$3,100,000_
methods
Savings--$1,600,010
.7.2.2. Antarctica 1:250,000-Scale Topographic Mapping.--Trimetrogon
mapping techniques are currently used to produce reconnaissance-type
maps of Antarctica. Control of fourth-order accuracy is established
primarily by electronic traverse methods. To date, an area of
approximately 300,000 square miles has been mapped, or is in work,
leaving approximately 1,200,000 square miles to be mapped. Obtaining
photographs for the remaining area will be increasingly expensive, time
consuming, and hazardous as the project area extends farther away from
the base operations complex at McMurdo Station. The average costs per
square mile for Antarctica 1;250,000-scale reconnaissance mapping,
exclusive of photography, are $0.30 for field control and $6.25 for
compilation and map finishing, or $6.55 per square mile total. The
remaining 1,200,000 square miles to be mapped will cost approximately
$7,850,000 and will require an estimated 10-year effort,
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It is believed that 1:250,000-scale topographic maps of improved
accuracy could be compiled from photographs obtained at an orbital
height of approximately 125 nautical miles by a combination of a
12-inch-focal-length meta•ic camera and a 24-inch-focal-length stereo
panoramic camera. The metric camera photographs would provide the
required geometric constraints while the panoramic camera system would
provide the data for contouring and delineation of landform detail.
The compilation cost would be approximately the same as current
tra...tetrogon compilation cost; however, total photo coverage of
Antarctica could be obtained in a short time and would be available
for 1:1,000,000-scale mapping of the entire continent. The
increasing hazards of field control and aerial photography operations
would be avoided.
7.3 Large Scale (1:24 000
As previously stated in section 3, above, the U.S. Geological Survey
has a Long-Range Plan calling for full map coverage of the United States
at 1:24,000 scale, except Alaska, by 1981. As this Long-Range Plan
approaches realization, an increasing effort will be devoted to
maintenance of the published maps. The potential application and the
resulting benefits from the use of orbital photographs for such
operations are particularly attractive. Tests conducted with photographs
taken with a long-focal-length, high-resolution panoramic camera indicate
that the original negatives can be enlarged as much as 20X without
serious loss of image clarity. Thus, 24-inch-focal-length panoramic
photographs obtained at orbital heights of 125 nautical miles (scale
1:375,000) could be enlarged to 1:19,000 scale to provide suitable
imagery for revision of planimetric map features.
Obtaining equally suitable photographic data by using conventional
aircraft would cost approximately 7.6 million dollars under current
contracting procedures and would require an approximately 10-year effort
by all of the available contractors. Again, as in the case of maintain-
ing the 1:250,000-scale series, the use of photographic data obtained at
orbital heights would permit revision of the 1:24,000-scale series from
data having a common acquisition time and would provide a 10 percent
efficiency savings through reduction of the number of data->)its to be
handled.
It is assumed, for the purposes of this report, that when the
objectives of the Long-Range Plan are realized and the United States,
except Alaska, is completely mapped at 1:24,000 scale, 50 percent of
the total Topographic Division annual budget will be programed for
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maintenance of the 1:24,000-scale series maps, On the basis of a
continuing annual gross national economy gain of 3 percent, the
Topographic Division annual budget in 1981 could exceed 40 million
dollars, an increase of 12 million dollars over the current (FY 67)
budget of 29.1 million dollars. The 1981 budget for 1:24,000-scale
map maintenance programs could then be approximately 20 million dollars,
and a 10 percent efficiency savings through the use of orbital photo-
graphic data could amount to 2 million dollars annually.
8. SUMMARY
tAs developed in the foregoing study, the annual dollar benefit to
the U.S., economy will amount to approximately 500 million dollars when
about 86 percent of the nation is adequately mapped at large scales.
By straight extrapolation, the annual dollar benefit to the economy will
amount to 680 million dollars when the nation is completely mapped.
Maintenance of the topographic map coverage within the shortest possible
time interval, particularly as it affects planimetric-cultural features,
is essential if we are to realize continuing annual dollar benefits.
Present-day techniques generally restrict map maintenance intervals to
5 to 10 years for urban areas and 10 to 15 years for farming areas.
The use of orbital photographic data would allow map maintenance
intervals of 1 to 2 years for urban areas and 2 to 3 years for farming
areas, thereby permitting continuing annual dollar benefits, and, more
importantly, providing a basis for keeping pace with the Nation's
rapidly expanding economy,. The direct benefits that may be realized
from having the more current map data could be as much as 20 percent
of the total annual benefits, or approximately 136 million dollars
annually. Thus the benefit that may be realized from using such data
is estimated to be 136 million dollars annually.
The direct dollar savings that may be realized from using these
data in the maintenance of the U.S. 1:250,000-scale map series is
approximately $1,600,000 for the entire series or $320,000 annually
on the basis of a 5-year revision cycle. For maintenance of the
complete 1:24,000-scale topographic map series, the direct dollar
savings would be approximately 2 million dollars annually.
It is impossible to make a reasonable estimate of the annual dollar
benefits resulting from the use of orbital-height photographs for the
production and/or maintenance of topographic maps on a global basis.
Based on an extrapolation of the data derived above for the United States
which is only 1/18 of the total land area of the world, it is obvious,
however, that the total annual dollar benefits could exceed ten billion
dollars.
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9. CONCLUSION
The foremost deficiencies in standard maps are incomplete
coverage and obsolescence of information. The use of spacecraft
as photographic platforms offers the unique advantage that map
data can be collected on a national and global basis within a
time frame and with a coverage per data-bit never before attain-
able, with significant cost savings and increased production
rates. Therein lies the prime value of orbital. photographic
systems in the production and maintenance of rap products.
Direct dollar benefits annually resulting from availability
of useful orbital-height photographic data area estimated to be:
1. In the United States
Benefit to U.S. user groups 	 - $136,000,000
Saving in maintenance of U.S.
1:24,000-scale series	 2,000,000
Saving in maintenance of U.S.
1:250,000 wcale series	 320,000
U.S. TOTAL- $138.3 million
2. Global	 - in excess of ten billion dollars annually.
3. Remote areas - inestimatable, eliminates hazards and
logistic problems.
r
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